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Abstract
We developed a material processing system by using a 300 GHz gyrotron. Partially 
stabilized zirconia ceramics were successfully sintered by using this submillimeter wave 
material processing system.  
The submillimeter wave sintering curve showed that the sintering was lower for the 
submillimeter wave processing as compared to the millimeter wave processing at the 
same temperature. In order to understand this difference, microscope images of cut 
surfaces were analyzed. The distribution of the micro Vickers hardness of cut surface was 
also measured. The submillimeter wave sintered sample has an inhomogeneous and a 
special distribution. In order to explain this special distribution of the density, a 
distribution of the energy efficiency of the electromagnetic wave with the frequency of 
300 GHz in a zirconia ceramics was calculated. The result of calculation dose not 
contracted㻌 experimental results. 
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研究報告１２
㸯㸬ࡣࡌࡵ࡟

 ㏆ᖺ࣑ࣜἼᖏࡢ㧗ฟຊ㐲㉥እග※࡛࠶ࡿࢪࣕ࢖ࣟࢺࣟࣥࡢ㛤Ⓨࡢ㐍ᒎ࡟࡜ࡶ࡞࠸
࣑ࣜἼᖏࡢ㟁☢Ἴຍ⇕ࣉࣟࢭࢫࡀྍ⬟࡜࡞ࡗ࡚ࡁࡓࠋ࣑ࣜἼᖏࡢ㟁☢Ἴຍ⇕ࡣࢭ࣑ࣛࢵ
ࢡࢫࡢ↝⤖࡟࠾࠸࡚ᚑ᮶ࡢຍ⇕ἲ࡟ẚ࡭࡚㸪ࡼࡾ▷᫬㛫࡛㧗ᐦᗘ㸪㧗ᙉᗘ㸪⦓ᐦ࡞ᵓ
㐀ࡢࢭ࣑ࣛࢵࢡࢫࢆ↝⤖࡛ࡁࡿ⏬ᮇⓗ࡞ຍ⇕ἲ࡜ࡋ࡚ὀ┠ࡉࢀ࡚࠸ࡿࠋ
㟁☢Ἴ↝⤖ἲࡢ≉ᚩ࡜ࡋ࡚㸪ᚑ᮶ࡢ᢬ᢠ⅔ࡢࡼ࠺࡞እ㒊ຍ⇕ἲ࡜ẚ㍑ࡋ࡚㸪⿕↝⤖య
ࡢ⮬ᕫⓎ⇕ࢆ฼⏝ࡋࡓຍ⇕ἲ࡛࠶ࡾ㸪୺࡞฼Ⅼ࡜ࡋ࡚㸪㸯㸧ᛴ㏿ຍ⇕ࡀྍ⬟㸪㸰㸧ᆒ୍
࡞ຍ⇕ࡀྍ⬟㸪㸱㸧㑅ᢥⓗ࡞ຍ⇕ࡀྍ⬟࡜࠸࠺Ⅼࡀᣲࡆࡽࢀࡿࠋࡲࡓࡑࢀࡽ௨እ࡟ࡶ㸪
㟁☢Ἴ↝⤖ἲ࡟ࡣ㠀⇕ⓗຠᯝ࡜࿧ࡤࢀࡿ㏻ᖖᚑ᮶ࡢ⇕ฎ⌮ࣉࣟࢭࢫ࡟ẚ࡭ࡼࡾప
 ࡛⦓ᐦ໬ࡀ㐍⾜ࡍࡿ࡜࠸࠺≉ᚩࢆ♧ࡍࠋࡑࡢࡓࡵ㠀⇕ⓗຠᯝࡢཎ⌮ࡢゎ᫂ࡸᛂ⏝ࡀὀ
┠ࡉࢀ࡚࠸ࡿࠋ
⌧ᅾࡲ࡛࡟㸪ᡃ ࠎࡣࢧࣈ࣑ࣜἼᖏ࡛ࡢ⇕ฎ⌮ࡀ⾜࠼ࡿୡ⏺࡛၏୍ࡢ 300 GHz ࢪࣕ࢖
ࣟࢺࣟࣥᮦᩱࣉࣟࢭࢵࢩࣥࢢ⿦⨨The 300 GHz Material Processing System ࢆ㛤Ⓨࡋࡓ
ᅗ ࠋࡇࢀ࡟ࡼࡗ࡚ࢧࣈ࣑ࣜἼ㡿ᇦ࡛ࡢᮦᩱຍ⇕ࡀྍ⬟࡜࡞ࡾ㸪㠀⇕ⓗຠᯝࡢ▱ぢ
ࡢᣑ኱ࡸ᪂ࡋ࠸ຍ⇕ἲ࡜ࡋ࡚ᮇᚅࡉࢀ࡚࠸ࡿࠋ
ᮏ◊✲࡛ࡣ㸪ࡇࡢ⿦⨨ࢆ⏝࠸࡚㸪ࢪࣝࢥࢽ࢔ࡢ↝⤖ᐇ㦂ࢆ⾜࡞࠸㸪ࡑࡢ≉ᛶホ౯ᐦ
ᗘ ᐃ㸪ẼᏍ⋡ ᐃ㸪⤌⧊ゎᯒ㸪◳ᗘ ᐃ)ࡼࡾ㸪ࢧࣈ࣑ࣜἼ↝⤖≉᭷ࡢᛶ㉁࠾ࡼࡧ⌧
㇟ࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࠋ



ᅗ 1-1   300 GHz 㧗ฟຊࢪࣕ࢖ࣟࢺࣟࣥᮦᩱࣉࣟࢭࢵࢩࣥࢢ⿦⨨
The 300 GHz Material Processing System 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㸰㸬⿦⨨

㸰㸬㸯 300 GHzࢪࣕ࢖ࣟࢺࣟࣥᮦᩱࣉࣟࢭࢵࢩࣥࢢ⿦⨨

 ᮏ⿦⨨ࡣ୺࡟㸪㧗ฟຊࢧࣈ࣑ࣜἼࢆⓎ⏕ࡉࡏࡿࢪࣕ࢖ࣟࢺࣟࣥⓎ᣺ჾ㒊㸪ࢧࣥࣉࣝࢆ
⣡ࡵ㸪㟁☢Ἴ࡟ࡼࡾຍ⇕ࡍࡿࡓࡵࡢᐜჾ㒊࢔ࣉࣜࢣ࣮ࢱ࣮㒊㸪ࢪࣕ࢖ࣟࢺࣟࣥⓎ᣺ჾ
㒊࡜࢔ࣉࣜࢣ࣮ࢱ࣮㒊ࢆࡘ࡞࠸࡛࠸ࡿᑟἼ⟶㒊࠿ࡽ࡞ࡗ࡚࠸ࡿࠋ
 ࢪࣕ࢖ࣟࢺࣟࣥⓎ᣺ჾ㒊࡟ࡘ࠸࡚ࡣ㸪Ⓨ᣺࿘Ἴᩘ 300 GHz㸪᭱኱ฟຊ 3.5 kW ࡛㐃⥆
Ⓨ᣺ྍ⬟࡞ࢪࣕ࢖ࣟࢺࣟࣥග※ࢆࣟࢩ࢔⛉Ꮫ࢔࢝ࢹ࣑࣮ᛂ⏝≀⌮Ꮫ◊✲ᡤ(IAP-RAS)࡜
ࡢඹྠ㛤Ⓨ࡟ࡼࡾ⾜࡞ࡗࡓࠋࢧࣈ࣑ࣜἼᖏࡢ㐃⥆Ⓨ᣺ග※࡜ࡋ࡚ࡣ㸪ୡ⏺᭱㧗ฟຊࡢⓎ
᣺ࡀྍ⬟࡛࠶ࡿࠋࡇࡢࢪࣕ࢖ࣟࢺࣟࣥࡣ, ࢪࣕ࢖ࣟࢺࣟࣥࡢ᭱㐺Ⓨ᣺᮲௳ࢆㄪᩚྍ⬟࡟
ࡍࡿࡓࡵ࡟ࢪࣕ࢖ࣟࢺࣟࣥ࡜☢ሙࡢ┦ᑐⓗ఩⨨ࢆㄪᩚࡍࡿᶵᵓ࡟ࡼࡾ, 㐲㉥እ㡿ᇦ㛤
Ⓨ◊✲ࢭࣥࢱ࣮ࡢ 12 T ᾮయ࣒࣊ࣜ࢘ࣇ࣮ࣜ㉸ఏᑟ࣐ࢢࢿࢵࢺ࡟タ⨨ࡉࢀ࡚࠸ࡿࠋⓎ᣺
᫬࡟኱ࡁ࡞⇕㈇Ⲵࡀຍࢃࡿࢥࣞࢡࢱ࣮㸪࣎ࢹ࢕࣮㸪࢘࢖ࣥࢻ࢘࡟ࡣ㸪Ỉ෭⣔ࢆタ⨨ࡋ㸪
ࡑࡢධཱྀ࡜ฟཱྀࡢỈ ࢆࣔࢽࢱ࣮࡛ࡁࡿࡼ࠺࡟ࡋ㸪෭༷Ỉ࡟ࡼࡿᗫ⇕ࢆྵࡵ, ࢪࣕ࢖ࣟ
ࢺࣟࣥࡢ࢚ࢿࣝࢠ࣮ࣂࣛࣥࢫࢆぢ✚ࡶࡿࡇ࡜ࡀ࡛ࡁࡼ࠺࡟࡞ࡗ࡚࠸ࡿࠋ
ࡲࡓ☢ሙ⣔ࡢ࣑࣮ࣛẚࢆኚ໬ࡉࡏࡿࡇ࡜࡛㸪ࢪࣕ࢖ࣟࢺࣟࣥࡢືస᮲௳(㟁Ꮚࡢ㌶㐨)
ࡢ᭱㐺໬ࢆ⾜࠼ࡿࡼ࠺࡟㸪㉸ఏᑟ☢▼ࡢୗ࡟⿵ຓ☢ሙⓎ⏕⏝ࡢỈ෭ᘧࢯࣞࣀ࢖ࢻࢥ࢖ࣝ
ࡀタ⨨ࡉࢀ࡚࠸ࡿࠋ
 ࢔ࣉࣜࢣ࣮ࢱ࣮㒊࡟ࡘ࠸࡚ࡣ㸪ᇶᮏࡣ෇⟄ᙧࡢࢫࢸࣥࣞࢫᐜჾ࡛࣐ࣝࢳ࣮ࣔࢻࡢ㟁☢
Ἴࢆ฼⏝ࡋࡓయ✚ຍ⇕ฎ⌮ࡀྍ⬟࡞ᵓ㐀࡛࠶ࡿࠋ ⌧ᅾࡲ࡛࡟㸪ᐇ㦂ⓗ࡞ຠ⋡ᨵၿࡢࡓ
ࡵ࡟ᵝࠎ࡞ᨵⰋࡀ᪋ࡉࢀࡓࠋ༢⣧࡞෇⟄ᙧࡢ࢔ࣉࣜࢣ࣮ࢱ࣮࡛ࡣ, Ⓨ᣺᫬ࡢ࢔ࣉࣜࢣ࣮
ࢱ࣮ෆࡢ㟁⏺ᙉᗘࡀ୙ᆒ୍࡜࡞ࡾ㸪ࢧࣥࣉࣝ࡬ࡢ࢚ࢿࣝࢠ࣮྾཰ຠ⋡ࡶⰋࡃ࡞࠿ࡗࡓࠋ
ࡑࡇ࡛࢔ࣉࣜࢣ࣮ࢱ࣮ෆ࡟ࡉࡽ࡟࢔࣑ࣝ〇ࡢභゅᰕࡢ⟄≧ᐜჾ(཯ᑕᯈ)ࢆᤄධࡍࡿࡇ
࡜࡛㸪㟁⏺ࡢᆒ୍໬ࡀ⾜ࢃࢀ࡚࠸ࡿࠋࡲࡓᚑ᮶ࡣࢧࣥࣉࣝࡢ  Ⅼࡀ 1 Ⅼࡢࡳ࡛㸪 ᗘ
 ᐃࡢୖ㝈ࡀ⣙ 1300 Υ࡛࠶ࡗࡓࡀ㸪ⓑ㔠㸫ⓑ㔠ࣞࢽ࣒࢘⇕㟁ᑐ࡟ࡼࡿ ᗘ ᐃᶵᵓࢆ
᪂ࡓ࡟タ⨨ࡍࡿࡇ࡜࡛㸪3 Ⅼࡢ ᗘ ᐃࡀྍ⬟࡛㸪ࡉࡽ࡟ ᗘ ᐃࡢୖ㝈ࡀ⣙ 1700 Υ
࡜኱ᖜ࡟ྥୖࡋ㸪ᵝࠎ࡞ᐇ㦂࡟ᑐᛂ࡛ࡁࡿࡼ࠺࡟࡞ࡗ࡚࠸ࡿࠋ
 ᑟἼ⟶㒊࡟ࡘ࠸࡚ࡣ㸪㉸పᦆኻࢥࣝࢤ࣮ࢺᑟἼ⟶ࢆ〇సࡋ㸪⏝࠸࡚࠸ࡿࠋᑟἼ⟶ෆ㒊
ࡢᚤ⣽ᵓ㐀ࡢຍᕤࡣษ๐ຍᕤ࡟ඃࢀࡓ㯤㖡ࢆ⏝࠸㸪(ᰴ)⚟ఙᕤᴗࡀᶵᲔຍᕤ࡟ࡼࡗ࡚㸪
ࡑࡢ㛤Ⓨ࡟ᡂຌࡋࡓࠋࡋ࠿ࡋ㯤㖡ࡣษ๐ຍᕤ࡟ඃࢀ࡚࠸ࡿ཯㠃㸪㟁Ẽఏᑟᛶࡀపࡃ㸪㟁
☢Ἴ㏦㊰࡜ࡋ࡚ࡣ࢚ࢿࣝࢠ࣮ᦆኻࡀ኱ࡁ࠸ࠋࡑࡇ࡛Ύᕝ࣓ࢵ࢟ᕤᴗࡢᚤ⣽㒊Ὑίཬࡧ࣓
ࢵ࢟ᢏ⾡ࢆ⏝࠸࡚㸪㯤㖡ࡢᚤ⣽ᵓ㐀㒊࡟ࢽࢵࢣࣝ࡜㔠ࡢ஧㔜࣓ࢵ࢟ࢆ᪋ࡋ㸪ᑟ㟁ᛶ࡜⪏
ஂᛶࢆවࡡഛ࠼ࡓ㉸పᦆኻࢥࣝࢤ࣮ࢺᑟἼ⟶ࢆ㐩ᡂࡋ࡚࠸ࡿࠋ


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㸰㸬㸰 ࢧࣥࣉࣝཬࡧ ᗘ ᐃ

 ᮏ◊✲࡛⏝࠸ࡓࢧࣥࣉࣝࡣ㸪࢖ࢵࢺࣜ࢔ࢆῧຍࡉࢀࡓ㒊ศᏳᐃ໬ࢪࣝࢥࢽ࢔(ZrO2-3
mol%Y2O3㸪ᮾࢯ࣮ TZ-3Y)࡛࠶ࡿࠋᐇ㦂⏝ࢧࣥࣉࣝࢆసᡂࡍࡿ࡟࠶ࡓࡗ࡚㸪⢏ࡢศᕸ
ࡀᆒ୍࡟࡞ࡿࡼ࠺࡟Ἶࡋࡻ࠺㗪㎸ࡳᡂᙧἲ࡛సᡂࡋࡓࠋ኱ࡁࡉࡣ┤ᚄ 20 mm㸪ཌࡉ 5 mm
࡟ไᚚࡋ㸪኱Ẽ୰ 800 Υ࡛௬↝ࡁࡋ࡚࠸ࡿࠋ௬↝ࡁᚋࡢᐦᗘࡣ⣙ 3.0 g/cm3࡛࠶ࡿࠋ
 ᗘ ᐃ࡟ࡘ࠸࡚ࡣ㸪ࢧࣈ࣑ࣜἼ↝⤖᫬ࡣ㸪ࣔࣜࣈࢹࣥࢩ࣮ࢫ(┤ᚄ 3.2 mm)ࡢࢱࣥࢢ
ࢫࢸࣥ-ࣞࢽ࣒࢘⇕㟁ᑐ(W/5%Re-W/26%Re, Ari Industries, Inc)ࢆ⏝࠸㸪࣑ࣜἼ↝⤖᫬ࡣⓑ
㔠-ⓑ㔠ࣟࢪ࣒࢘⇕㟁ᑐࢆ⏝࠸ࡓࠋ࠸ࡎࢀࡶ ᗘ ᐃࡋࡓⅬࡣࢧࣥࣉࣝᗏ㠃ࡢ୰ᚰ࡛࠶
ࡿࠋ
㸱㸬ᐇ㦂⤖ᯝ

㸱㸬㸯 ⦓ᐦ໬᭤⥺
 ࡲࡎ㸪㟁☢Ἴຍ⇕ࡢ㧗࿘Ἴ໬ࡢ㐍ᒎ࡟క࠸㸪ࢭ࣑ࣛࢵࢡࢫ↝⤖࡟࠾ࡅࡿ㠀⇕ⓗຠᯝࡀ
ࢧࣈ࣑ࣜἼ↝⤖࡛ࡣ࡝ࡢࡼ࠺࡟࡞ࡿ࠿ࢆ᳨ドࡋࡓࠋ ᅗ 3-1 ࡣ␗࡞ࡿ࿘Ἴᩘࡢ㟁☢Ἴຍ
⇕࡟ࡘ࠸࡚, ↝⤖ ᗘ࡟ᑐࡍࡿࢧࣥࣉࣝࡢ┦ᑐᐦᗘࢆ♧ࡋࡓࡶࡢ࡛࠶ࡿࠋࡑࢀࡒࢀ㸪ᚑ
᮶ࡢࣄ࣮ࢱ࣮࡟ࡼࡿ↝⤖[1](㸫ڸ㸫)㸪࣐࢖ࢡࣟἼ↝⤖(㸫ی㸫2.45 GHz)㸪࣑ࣜἼ↝⤖(㸫
ۂ㸫28 GHz)㸪ࢧࣈ࣑ࣜἼ↝⤖(㸫ڦ㸫300 GHz)ࢆ♧ࡋ࡚࠸ࡿࠋ࣑ࣜἼ㸪ࢧࣈ࣑ࣜἼ↝⤖
ࡣ᪼ ㏿ᗘ 60 Υ/min㸪ࡑࢀࡒࢀࡢ↝⤖ ᗘ࡛ 10 ศ㛫࣮࣍ࣝࢻࡋࡓᚋ㸪⮬↛෭༷ࡋࡓࠋ
࣐࢖ࢡࣟἼ↝⤖ࡣ᪼ ㏿ᗘ 10 Υ/min㸪ࡑࢀࡒࢀࡢ↝⤖ ᗘ࡛ 10 ศ㛫࣮࣍ࣝࢻࡋࡓᚋ㸪
⮬↛෭༷ࡋࡓࠋᅗ 3.1 ࠿ࡽ㸪ࡲࡎ㸪ᚑ᮶ἲࡢ↝⤖ࡼࡾ㟁☢Ἴ↝⤖ࡢ᪉ࡀࡼࡾప࠸ ᗘ࡛
⦓ᐦ໬ࡀ㐍⾜ࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿࠋࡘࡲࡾ㟁☢Ἴ↝⤖࡟ࡼࡗ࡚㠀⇕ⓗຠᯝࡀ⌧ࢀ࡚࠸
ࡿࡇ࡜ࡀࢃ࠿ࡿࠋḟ࡟㟁☢Ἴ↝⤖ࡢࡳ࡟ὀ┠ࡋ࡚ࡳࡿ࡜㸪㠀⇕ⓗຠᯝࡀ᭱ࡶ㢧ⴭ࡞ࡢࡣ
࣑ࣜἼ↝⤖࡛࠶ࡾ㸪ḟ࠸࡛ࢧࣈ࣑ࣜἼ↝⤖㸪࣐࢖ࢡࣟἼ↝⤖࡜࠸࠺⤖ᯝ࡟࡞ࡗࡓࠋࡘࡲ
ࡾࢧࣈ࣑ࣜἼ↝⤖ࡣ࣑ࣜἼ↝⤖ࡼࡾప ࡛⦓ᐦ໬ࡀ㐍⾜ࡋ࡞࠸࡜࠸࠺ࡇ࡜ࡀࢃ࠿ࡗࡓࠋ
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㸱㸬㸰 ⤌⧊ホ౯

3.1 ࡛ࡣᐦᗘ࡜࠸࠺ᕧどⓗ࡞ほⅬ࠿ࡽ㸪ࢧࣈ࣑ࣜἼ↝⤖⤖ᯝ࡟ࡘ࠸࡚ゝཬࡋࡓࡀ㸪ࡇ
ࡇ࡛ࡣᚤどⓗ࡞ほⅬ࠿ࡽ᳨ドࡍࡿࡓࡵ㸪ࢧࣥࣉࣝࡢෆ㒊⤌⧊ࡢホ౯ࢆ⾜࡞ࡗࡓࠋࡲࡎ᩿
㠃ࢆษࡾฟࡋ㸪ࡑࡢ᩿㠃ࢆ◊☻ࡍࡿࠋࡑࡋ࡚ගᏛ㢧ᚤ㙾ࢆ⏝࠸࡚㸪◊☻㠃ࢆ᧜ᙳࡋ࡚㸪
⏬ീฎ⌮ࢯࣇࢺ(Image J)ࢆ⏝࠸࡚⏬ീゎᯒࢆ⾜ࡗࡓࠋࡉࡽ࡟࣐࢖ࢡࣟࣅࢵ࣮࢝ࢫ◳ᗘ 
ᐃࢆ⾜࡞࠸㸪⤌⧊ゎᯒ⤖ᯝࢆ↷ࡽࡋྜࢃࡏࡿࡇ࡜࡛㸪ࡑࡢᑐᛂ㛵ಀࢆ♧ࡋࡓࠋ
ᅗ 3-2ࡣࢧࣈ࣑ࣜἼ↝⤖ࡉࢀࡓࢪࣝࢥࢽ࢔ࢭ࣑ࣛࢵࢡࢫࡢගᏛ㢧ᚤ㙾⏬ീ࠾ࡼࡧゎᯒ
⤖ᯝ㸪◳ᗘ ᐃ⤖ᯝ࡛࠶ࡿࠋࡲࡎྛࠎࡢ⏬ീࡣ 200 ಸ࡟ᣑ኱ࡋࡓࡶࡢ࡛㸪⏬ീࡢᕥഃࡢ
㯮࡜ⓑࡢቃ⏺㒊ศࡀࢧࣥࣉࣝࡢ➃(⾲㠃)࡛㸪ྑഃ࡟ྥ࠿ࡗ࡚ࢧࣥࣉࣝෆ㒊ࡢ⏬ീ࡟࡞ࡗ
࡚࠸ࡿࠋḟ࡟ゎᯒ⤖ᯝ࡟ࡘ࠸࡚㸪ᶓ㍈ࡀࢧࣥࣉࣝෆࡢ㊥㞳࡟ᑐᛂࡋ࡚࠾ࡾ㸪0 ࡀࢧࣥࣉ
ࣝࡢ➃(⾲㠃)㸪ᩘᏐࡀ኱ࡁࡃ࡞ࡿ࡟ࡘࢀ࡚㸪ࢧࣥࣉࣝෆ㒊࡟ྥ࠿ࡗ࡚఩⨨ࡋ࡚࠸ࡿࡇ࡜
࡟࡞ࡿࠋᕥഃࡢ⦪㍈ࡣ୍ᐃ㠃✚ᙜࡓࡾࡢẼᏍ(෗┿ࡢ㯮Ⅼ)㠃✚ࢆ♧ࡋ㸪ྑഃࡢ⦪㍈ࡣ࣐
࢖ࢡࣟࣅࢵ࣮࢝ࢫ◳ᗘࢆ♧ࡋ࡚࠸ࡿࠋᅗ 3.2 ࡣ(a), (b), (c)࡜㡰࡟↝⤖ ᗘ㸪┦ᑐᐦᗘࡀ኱
ࡁࡃ࡞ࡗ࡚࠸ࡿࠋ
ࡲࡎᅗ 3.2 ࡢ(a)࡟ὀ┠ࡍࡿࠋ ẼᏍࡢ᭱ࡶᑡ࡞࠸㒊ศࡣࢧࣥࣉࣝࡢ➃࠿ࡽ⣙ 400 ȣm
ෆ㒊࡟ᾐධࡋࡓ࡜ࡇࢁ࡟఩⨨ࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿࠋࡘࡲࡾࡑࡢ఩⨨࡟࠾࠸࡚⦓ᐦ໬ࡀ
᭱ࡶಁ㐍ࡉࢀ࡚࠸ࡿ࡜࠸࠺ࡇ࡜࡛࠶ࡿࠋࡉࡽ࡟, (b)㸪(c)࡜㧗 ࡟ᡂࡾ, ⦓ᐦ໬ࡀ㐍ࡴ࡟
ࡘࢀ࡚㸪ᚎࠎ࡟࿘ᅖࡢẼᏍࡶῶᑡࡋ࡚࠸ࡃᵝᏊࡀࢃ࠿ࡗࡓࠋ
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ᅗ 3-1 ࢪࣝࢥࢽ࢔ࢭ࣑ࣛࢵࢡࢫࡢ⦓ᐦ໬᭤⥺
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0ȣm                1200ȣm
(a) ↝⤖ ᗘ 1100 Υ ┦ᑐᐦᗘ 84.50 % 
0ȣm                1200ȣm
(b) ↝⤖ ᗘ 1200 Υ ┦ᑐᐦᗘ 92.83 % 
0ȣm                1200ȣm
(c) ↝⤖ ᗘ 1300 Υ ┦ᑐᐦᗘ 95.00 % 
ᅗ 3-2 ⤌⧊ほᐹ⤖ᯝ
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㸲㸬⪃ᐹ࣭ࡲ࡜ࡵ
 300 GHzᖏࡢࢪࣝࢥࢽ࢔ࢭ࣑ࣛࢵࢡࢫࡢࢧࣈ࣑ࣜἼ↝⤖⤖ᯝ࠿ࡽ, ⦓ᐦ໬᭤⥺ࡢ㐪࠸
ࢆᚓࡓ. ࡇࢀࡽࡢẚ㍑࠿ࡽ㸪ࢧࣈ࣑ࣜἼ↝⤖ࡢప ⦓ᐦ໬ࡣ㸪࣑ࣜἼ↝⤖࡯࡝㐍⾜ࡋ࡞
࠸ࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡘࡲࡾ⌧ẁ㝵࡛ࡣ㸪ࢪࣝࢥࢽ࢔ࢭ࣑ࣛࢵࢡࢫࡢ㠀⇕ⓗຠᯝࡀ᭱ࡶ⌧
ࢀࡿࡢࡣ㸪࣑ࣜἼ࡟ࡼࡿ↝⤖࡛࠶ࡿࠋࡇࢀ࡟ࡼࡾ, ప ࡛ࡢ⦓ᐦ໬ࡢಁ㐍ࡣ࣑ࣜἼ࡜ࢧ
ࣈ࣑ࣜἼ୰㛫ࡢ࿘Ἴᩘ࡛ᴟ኱࡜࡞ࡿࡼ࠺࡞ຠᯝ࡛࠶ࡿ࡜࠸࠼ࡿࠋ
 ࡲࡓࢧࣈ࣑ࣜἼ↝⤖ࡉࢀࡓࢪࣝࢥࢽ࢔ࢭ࣑ࣛࢵࢡࢫෆ㒊ࡢ⤌⧊ほᐹࢆ⾜ࡗࡓ࡜ࡇࢁ㸪
ࢧࣥࣉࣝࡢ➃㸪ࡘࡲࡾ⾲㠃࠿ࡽ⣙ 400 ȣm ෆ㒊࡟ᾐධࡋࡓ఩⨨࡛⦓ᐦ໬ࡀ㢧ⴭ࡟࠶ࡽ
ࢃࢀ࡚࠸ࡓࠋࡇࢀࡣ㸪࿘Ἴᩘࡀ㧗ࡃ࡞ࡿ࡟ࡘࢀ࡚㟁☢Ἴࡀヨᩱෆ㒊࡟౵ධࡋ࡟ࡃࡃ࡞ࡿ
ࡇ࡜㸪ࡲࡓ㟁☢Ἴࡢࢧࣥࣉࣝ࡬ࡢᾐධࡀෆ㒊࡟࠸ࡃ࡟ࡘࢀ㸪ᣦᩘ㛵ᩘⓗ࡟ῶ⾶ࡍࡿࡇ࡜
࡜㸪ࡉࡽ࡟ࢧࣥࣉࣝ⾲㠃࠿ࡽࡢ⇕ఏᑟ࠾ࡼࡧ㍽ᑕ࡟ࡼࡗ࡚㉳ࡇࡿ⇕ࡢᨺฟࡢࣂࣛࣥࢫ࡟
ࡼࡾ㉳ࡁ࡚࠸ࡿ⌧㇟࡛ࡣ࡞࠸࠿࡜⪃࠼ࡽࢀࡿࠋᐇ㝿㸪㟁☢Ἴຍ⇕ཎ⌮ࢆࡶ࡜࡟㸪࢚ࢿࣝ
ࢠ࣮ῶ⾶⋡ࢆィ⟬ࡋࡓ⤖ᯝࡀᅗ 3-3 ࡛࠶ࡿࠋィ⟬ࡣ࿘Ἴᩘ 300 GHz ࡟௜࠸࡚, ㄏ㟁ᦆ⋡
ࢆ 0.1 ࠿ࡽ 27 ࡲ࡛ኚ࠼࡚, ヨᩱࡢᾐ㏱࡟࡜ࡶ࡞࠺㟁☢Ἴࡢῶ⾶ࢆ⪃៖ࡋ࡚, 㟁☢Ἴࡢ࢚
ࢿࣝࢠ࣮ຠ⋡ࡀヨᩱෆ࡛࡝ࡢࡼ࠺࡟ኚ໬ࡍࡿ࠿ࢆồࡵ࡚࠸ࡿࠋ ࢪࣝࢥࢽ࢔ࢭ࣑ࣛࢵࢡ
ࢫ࡟ࡘ࠸࡚ 2.45 GHz࡟࠾ࡅࡿㄏ㟁ᦆ⋡ࡢ ᗘኚ໬[2], ཬࡧ 13 GHz࡟࠾ࡅࡿㄏ㟁ᦆ⋡ࡢ
 ᗘኚ໬[3]࠿ࡽ 300 GHz 1100 Υ࡟࠾ࡅࡿࢪࣝࢥࢽ࢔ࢭ࣑ࣛࢵࢡࢫࡢㄏ㟁ᦆ⋡ࡣ 5㹼1
⛬ᗘ࡛࠶ࡿࡇ࡜ࡀண ࡉࢀ, ᅗ 3-3 ࡢヨᩱෆ࡛ࡢ࢚ࢿࣝࢠ࣮ຠ⋡ࡢῶ⾶⤖ᯝ࡜ 400ȣm
࡛ࡢ⦓ᐦ໬ࡢᴟ኱ࡀ, ୖグࡢ⇕ࣂࣛࣥࢫ࡛ㄝ࡛᫂ࡁࡿ࡜⪃࠼ࡽࢀࡿࠋࡲࡓ, 㧗࿘Ἴ↝⤖
࡟࡞ࡿ࡯࡝㸪ㄏ㟁ᦆ⋡ࡢ ᗘୖ᪼ࡣᢚไࡉࢀࡿࡇ࡜ࡣ㸪ᐇ㦂ⓗ࡟ࡶᏛ⾡ⓗ࡟ࡶ▱ࡽࢀ࡚
࠸ࡿࡢ࡛㸪ᐇ㦂⤖ᯝ⮬యࡀࡇࡢࡇ࡜ࢆ♧ࡋ࡚࠸ࡿ࡜ࡶ࠸࠼ࡿࠋ࿘Ἴᩘࡢ㐪࠸࡟ࡼࡗ࡚ࢧ
ࣥࣉࣝෆ㒊ࡢ⦓ᐦ໬ࡍࡿ఩⨨ࡀኚ໬ࡍࡿࡢ࡛࠶ࢀࡤ㸪ࡑࢀࡣ㸪࡜࡚ࡶ⯆࿡῝࠸⤖ᯝ࡛࠶
ࡿ࡜ࡶ⪃࠼ࡽࢀࡿࠋ
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ᅗ 3-3 ࢚ࢿࣝࢠ࣮ຠ⋡ࡢㄏ㟁ᦆ⋡౫Ꮡᛶ
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௒ᚋࡣ㸪࣐࢖ࢡࣟἼ㸪࣑ࣜἼ↝⤖ࡉࢀࡓࢪࣝࢥࢽ࢔ࢭ࣑ࣛࢵࢡࢫࡢ⤌⧊ほᐹࢆ⾜࠸㸪
⏬ീゎᯒ⤖ᯝࢆࡶ࡜࡟ẚ㍑ࡍࡿࡇ࡜࡛㸪ࡇࢀࡽࡢഴྥ࡟ࡘ࠸᳨࡚ドࡍࡿࠋࡲࡓ, ࣐࢖ࢡ
ࣟࣅࢵ࣮࢝ࢫᙉᗘ࡞࡝ᶵᲔⓗᛶ㉁࡜࠸࠺ほⅬ࠿ࡽホ౯ࡋ࡚࠸ࡃࡇ࡜ࡶᚲせ࡛࠶ࡿ࡜⪃
࠼࡚࠸ࡿࠋ

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